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Method for manufactuiing a high-jfrequency assembly 
The present invention relates to a method for the automatic manufacture of a high- 
frequency assembly, 

5 

Such assemblies are jQrequently manufactured in a plurality of versions for various 
frequency ranges. Among the components built into such an assembly, there may be 
some which are specific for the working frequency for which the assembly is intended, 
but which differ only little in appearance from coiresponding components for other 
10 working frequencies. Among such frequency-specific components, there are e.g. 
microstrip filters, waveguide junctions, resonators, etc.. 

If these components are stocked in different versions for different working frequencies 
in order to be able to build assemblies with different working fr'equencies according to 
15 need, there is a risk that such components are confused and that e.g. an automatic 
manufacturing device is supplied with components for different working frequencies 
and assembles these. This may cause an entire batch of assemblies to be found non- 
operational in a functionality check at the end of the manufacture, so that the assemblies 
must be discarded or modified at high expense of cost and labour, 

20 

The object of the present invention is to provide a metliod for manufacturing a high 
frequency assembly, fi-equency-specific components for such a method and a 
manufacturing device for carrying out such a method, which avoids such mistakes. 
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The object may be achieved by a method having the features of claim 1, a component 
having the features of claim 13, and an assembly apparatus having the features of claim 
14. 

5 The component of the mvention is provided with a machine-detectable feature, which is 
representative of a specific working frequency of the component. The manufacturing 
apparatus comprises means for detecting the representative feature of each such 
component and for deciding, based on the specific working firequency of the component 
detected therefrom, whether the component may be built-in or must be rejected. 

lO 

The rejection may be a mere sorting out of each specimen of the component in which 
the feature representative of the desired working frequency is not found; it may further 
comprise outputting a warning to a person in charge or the like. 



15 When the specimens of a frequency-specific component to be used in a high frequency 
assembly are taken from a stock, the stock is advantageously rejected as a whole if 
several specimens of the frequency- specific component taken from the stock one eifter 
the other have been rejected. In this case, it has to be assumed that by mistake, a stock 
with components laid out for the wrong frequency has been supplied, and that even if 

20 further specimens ai^ taken from the stock, they will all have the wrong working 

frequency. By exchanging the complete stock in such a case, a long interruption of tiiie 
manufacturing process is avoided. 
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Advantageously, the machine verification of the working frequency of such a 
component may be combined with the detection of its orientation, which has to be 
known in order to place the component correctly on a substrate such as a circuit board - 
or, in case of the substrate itself being a frequency-specific component on which the 
5 method is to be applied - to place the substrate in correct orientation on a support means 
of the manufacturing apparatus. To this end, the frequency-encoding feature may be 
sought at a plurality of locations of each specimen of the frequency-specific component, 
and an orientation of the specimen is decided based on the one among the investigated 
locations at which the frequency-specific feature is indeed found. 

10 

This object may be achieved expediently by finding at a component to be mounted a 
reference direction such as the orientation of an edge and a reference point such as the 
centre which is easy to detect anyway when the edges have been detected, by forming a 
number of vectors of a same length originating from said reference point under 

15 respective predefined angles with respect to the reference direction, and by defining 
locations at which the frequency-specific featm'e is looked for at the respective ends of 
the vectors. Preferably, the ends of the vectors form a square, since this can be done 
with little processing effort. In particular, in case of a component which is assumed to 
be rectangular, defining a square does not require a decision about which one of several 

20 detected edges is the longer one and which is the shorter one. 



If the various embodiments of the frequency-specific feature that represent different 
working frequencies can be transformed into one another by rotation, the orientation of 
the component must be taken account of for distinguishing between the embodiments. 
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For detecting the working frequency and the orientation of the component, it is also 
possible to look for the frequency-specific feature within a detected outline without 
restriction to certain locations and then to deduce the orientation of the component fi om 
5 the relative location at which the feature was found with respect to the outline of tlie 
component. 

Specifically, if the frequency-specific component is a conductor substrate, the 
frequency-specific featui'e may be formed from the same material as the conductors. 
10 Thus, the production of a component according to the invention is not more laborious 
than of a conventional one. 

The frequency-specific component may also be a mechanical component, in particular a 
cover for another component mounted underneath on a circuit board, e.g. an end cover 
15 for a hollow waveguide, also referred to as a back-short. Especially in this case, a bore 
may be appropriate as a frequency-specific feature. 

Otherwise, the frequency-specific feature may simply be printed. 

20 Further features and embodiments of the invention become apparent from the 

subsequent description of embodiments thereof, referring to the appended drawings. 

Fig. 1 is a schematic plan view of an automatic assembling apparatus with which the 
method of the invention may be carried out; 
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Fig. 2 is a schematic plan view of a first example of a circuit component according to 
the invention; and 

5 Fig. 3 is a schematic plan view of a second ckcuit component according to the 
invention, together with a fraction of a. substrate on which it is mounted. 

Fig. 1 is a schematic plan view of an automatic assembling apparatus with which the 
method of the invention can be earned out. On a vibration-damped table top 1, the 

10 apparatus comprises two belt conveyor devices 2, 3 for conveying circuit carriers 4, on 
which a ckcuit board 6 for assembly is fixed by clamps 5, ft-om a magazine loader 7, not 
shown in detail, to an assembly location 8, and, after assembly, out of the assembly 
apparatus for further processing. The belt conveyor devices 2, 3 each have an elongated 
horizontal plate 9, which has driven belts 10 wound around lateral regions thereof, on 

15 which belts rest the circuit carriers 4 to be conveyed- Tlie circuit carriers 4 are guided 
with Httle play between lateral flanks 1 1, 

The assembly location 8 is formed by a vertically displaceable table which is set in the 
plate 9 and is raised against an abutment for the assembly procedure, so as to lift the 
20 circuit carrier 4 off the belts 10 and bring it into an exactly defined and reproducibly 
settable height, 

A dispenser 13 for adhesive and a gripper 14 are displaceable parallel to the conveying 
direction of tlie belt conveyor devices 2, 3 along rails 15 and perpendicular to the 
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conveying direction along rails 16, 17. Further, the dispenser 13 and the giipper 14 are 
vertically displaceable. A control circuit 18 controls the movements of the dispenser 13 
and the gripper 14 based on construction data of a circuit to be mounted on the circuit 
board 6. In order to receive these construction data, the control circuit 18 has a digital 
5 interface and/or a reader for mobile data carriers. 

Among the construction data received by control circuit 1 8, there are indications about a 
desired working frequency of the frequency-specific components used in the assembly 
which is being manufactured. 

10 

Further, the control circuit 18 is coupled to a camera 19, which is held above the table 
top and is directed to the assembly location 8 and allows to optically inspect the chcuit 
board 6 and components to be placed on circuit board 6 before placement on circuit 
board 6 in a manner which is described in more detail later on. 

15 

Alternatively, the task of optically inspecting components to be assembled may be 
carried out by a second camera 20, which is directed towards stock containers or pallets 
25 in which the components to be mounted are supplied to the assembling apparatus. 
The second camera 20 allows for an inspection of tlie components to be mounted before 
20 these are taken up by the gripper 14 and can thus contribute to an acceleration of the 
assembling process by carrying out an optical inspection of the components before they 
are taken up by gripper 14, when ever processing capacity of tlie control circuit 18 is 
available therefore. 



wo 2005/032221 



PCT/EP2004/052116 



7 

The optical inspection of the components to be placed, which the control circuit 18 
canies out by means of the camera 19 or 20, will be illustrated by means of Fig. 2, 
which shows a schematic plan view of such a component 12, in which features of the 
component 12 which are relevant for its technical function in the circuit are shown only 
5 very schematically, since the present invention does not rely on them. 

The component 12 of Fig. 4 may e.g. be a ring oscillator formed on a ceramic substrate 
21, of which only the oscillator ring and some contact pads and conductor portions are 
shown. 

10 

The substrate 21 of component 12 is rectangular. This fact is assumed to be trae by the 
control circuit 18 when inspecting component 12. In order to find the geometrical centre 
of substrate 21, it is therefore sufficient that, by a simple evaluation of contrasts of an 
image provided by camera 19 or 20, the control circuit 18 detects the course of its four 
15 edges and, hence, the positions of its comers. In order to find the centre, it is sufficient 
to determine the intersection of two straight lines shown as dash-dot lines in Fig. 2, 
which extend through opposite comers of the substrate 21. 

Knowing the position of the centre and the orientation of one of the edges of substrate 
20 21 detected earlier ahready, the control circuit 18 generates four vectors of equal length, 
which extend ft-om the centre under angles of 45°, IBS'*, 225° or 315° with respect to the 
selected edge. No matter which one of the four edges of the substrate is selected, the 
ends of these vectors will always be at the same locations of the substrate. These 
locations 22 are represented as loosely hatched patches in Fig. 2. At a single one of 
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these locations 22, the upper left one m Fig. 2, there is an orientation feature 23, here in 
the shape of a cross, formed on the substrate. The orientation feature 23 can be made of 
the same material as conductors, which are present on the surface of substrate 21, and 
may be formed together with these in a single processing step; alternatively, the feature 
5 might be a colom-ed impression. The control circuit 18 recognizes the orientation of the 
substrate from the one of the four investigated locations 22 at which it recognizes the 
orientation feature 23. 

In one of the fom* quadrants defined by the cross, a squai'e 24 is fomied by the technique 
10 which was also used for forming the cross, and which is also detected by camera 19 or 
20 when seeking the orientation feature 23. When the control circuit 18 has detected the 
orientation of the substrate, it is also capable of unequivocally distinguishing the four 
quadrants defined by cross 23 and to distinguish, according to in which one of the four 
quadrants this square 24 is formed, four cases coiTesponding to different working 
15 frequencies of the component 12. 

The control chxuit 18 compares the thus determined working frequency of component 
1 2 with a working frequency specified for this component in the construction data 
supplied to it. In case of agreement, the component 12 is placed on tlie circuit board 6 
20 under assembly; in case of non-agreement, the component 12 is put aside, and a new 
corresponding component 12 is fetched fi-om component supply 25 using gripper 14. 

For this newly fetched component 12, the process of detecting the orientation and the 
working frequency of the fetched component 12, of comparing the detected and the 
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desired working frequencies and placing the component 12 only in case of agreement, 
are repeated. 

When it is found for a predetermined number of successively fetched components 12 
5 that the working frequency coded on them does not agree with the working frequency 
specified in the construction data, the control circuit 18 concludes that the entire stock 
25 of specimens of this component 12 to which the gripper 14 can accede is wrong. In 
this case, the control circuit 18 generates an error message in order to direct the 
attention of a person in chai'ge to tlie problem and to cause him/laer to replace the entire 
10 stock 25 of the concerned component. 



The method described above, in which initially, a plurality of locations 22 is detected at 
the surface of a component 12 based on the position of its edges is particularly 
appropriate for large surface component in which looking for a fr*equency-encoding 
15 feature on the entire surface would be tedious or error prone due to a rich structure of 
the component In contrast, for small sized components such as back-shorts, a simplified 
method is carried out 



Fig. 3 is perspective view of a back-short 30 adapted for caiTying out the method. At the 
20 upper side of back-short 30, there is a plurality of locations 29, represented as circles in 
the Figure, where according to the working frequency for which the back-short 30 is 
intended, a bore 26, represented as a solid circle, may be located. All locations 29 are on 
one half of the surface of the back-short 30, in the present case, if the side of the back- 
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short 30 at which a cut-out 27 for leading out a stiip conductor is formed is referred to 
as "down", the right-hand half. 

In order to detect the orientation of a back- short 30 taken up by a gripper 14, the control 
5 circuit 18 looks for a box*e 26 in the entire image of the upper side of the back-short 
provided by camera 19. If the bore 26 is found, the half of the upper side in which it is 
located is identified as the right half, and the detection of the orientation of the back- 
short 30 is accomplished. 

10 The control circuit 18 subdivides the right half of the upper side into several sections 
281 to 284. In tlie Figure, these sections are separated from each other and from the left- 
hand half of the upper side by dashed lines, but these lines only serve as an orientation 
for the viewer; in the real back-short 30, they do not exist. The control circuit 18 
recognizes a working frequency of the back-short from in which of the sections 281 to 

15 284 the bore 26 is located (section 283 in the present case). 

As described above already, the control circuit 18 compares the thus detected working 
frequency of the back-shoit with a working frequency specified in the construction data 
and places the back-short only in case that the frequencies agree with each other. If a 
20 working frequency that does not fit the construction data has been detected successively 
in several back-shorts, an error message is generated here, too, in order to cause the 
entire stock to be replaced. 



wo 2005/032221 



PCT/EP2004/052116 



11 

Of coxirse, there are a variety of other possibilities for encoding the operational 
frequency of a circuit component beside those explained relating to Figs. 2 and 3. E.g., 
the number of sections 28 in which the upper side of the back-short or any other 
component may be subdivided in order to detect a- frequency encoded thereon is in 
5 principle only limited by the resolution of the camera 19; fui'ther, it may be allowed to 
place several frequency-encoding features such as the bores 26 or the squares 24 at a 
component. Thus, e.g. in case of Fig. 2, up to sixteen frequencies may be encoded if any 
number of squares 24 between 0 and 4 and any distribution thereof to the four quadrants 
of the cross 23 is permitted. The number of possibilities of differentiation increases 
10 further if a distinction is made between different positions of the squares within a 

quadrant, etc.. In case of Fig. 3, 2n-l different encodings are possible if n is the number 
of distinct sections. A complete lack of a bore 26 cannot be admitted in this case, since 
then it is not possible to detect the orientation, either. 
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CLAIMS 

1, A method for manufacturing a high-frequency assembly, wherein a pliu'ality of 
components, comprising at least one (12, 30) which is frequency-specific, is placed with 
respect to each other using an automatic assembly appai*atus and is interconnected, 
characteiized in that a frequency-encoding feature (23, 24) is looked for in a specimen 
of the frequency-specific component (12, 30), and that the specimen is built in if the 
feature (23, 24; 26) is found in the specimen and is judged to be correct, and that 
otherwise the specimen is rejected. 

2, The method of claim 1, characterized in that the specimens to be placed are 
taken from a stock (25), and that the stock (25) is rejected in its entirety if several 
specimens of the frequency-specific component (12, 30) successively taken from the 
stock (25) have been rejected. 

3. The method of one of the preceding claims, characterized in that the frequency- 
encoding feature (23, 24; 26) is looked for at a plurality of locations (22, 29) of each 
specimen of the frequency-specific component (12, 30), and that an orientation of the 
specimen is judged based on the location (22, 283) at which the feature (23, 24; 26) is 
found. 

4. The method of claim 3, characterized in that a reference point and a reference 
direction are found at the component, a number of vectors of a same length starting 
from the reference point under predefined angles with respect to the reference direction 
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are formed, and the locations (22) where the feature (23, 24) is looked for are defined at 
the ends of the vectors. 

5. The method of claim 4, characterized in that the ends of die vectors form a 
square. 

6. The method of one of claims 3 to 5, characterized in that various embodiments 
of the frequency-specific feature (23, 24) are adapted to be transformed into one another 
by rotation, and that for distinguishing between the embodiments, the orientation of the 
component (12) is taken into account. 

7. The method of claim 1 or 2, characterized in that an outline of the component 
(30) is detected, that the frequency-specific feature (26) is looked for at the component, 
and that from the location (283) where the featme (26) is found witli respect to the 
outline, the orientation of the component (30) is concluded, 

8. The method according to one of tlie preceding claims, characterized in that the 
fi-equency-specific component (12) is a circuit board. 

9. The method of claim 8, characterized in that the feature is formed of conductor 
material. 
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10. The method according to claims 1 to 7, characterized in that the frequency- 
specific component is a mechanical component, in particulai* a cover (30) for a 
component mounted underneath. 

11. The method according to one of claims 1 to 8 or 10, characterized in that the 
frequency-specific component is a bore (26). 

12. The method according to one of claims 1 to 8 or 10, characterized in that the 
frequency-specific featui^e (23, 24) is printed. 

13. A component (12, 30) for a high-jfrequency assembly having a specific working 
frequency, characterized in that it is provided with a machine-detectable feature (23, 24; 
26) representative of the specific working fi-equency. 

14. A manufacturing apparatus for the automatic manufacture of a high-frequency 
assembly, comprising at least a placing apparatus for placing a plurality of components 
of the high-frequency assembly, at least one (12, 30) of which is fi*equency specific, 
with respect to each other, characterized in that the manufacturing apparatus comprises 
means (18, 19, 20) for detecting a feature (23, 24; 26) representative of the specific 
working frequency of said component (12, 30) and for deciding, based on the detected 
working frequency, whether the component (12, 30) is built in or is rejected. 
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